The Base Pairing Partner Modulates Alkylguanine Alkyltransferase.
O6-Alkylguanine DNA adducts are repaired by the suicide enzyme alkylguanine alkyltransferase (AGT). AGT facilitates repair by binding DNA in the minor groove, flipping out the damaged base, and transferring the O6-alkyl group to a cysteine residue in the enzyme's active site. Despite there being significant knowledge concerning the mechanism of AGT repair, there is limited insight regarding how altered interactions of the adduct with its complementary base in the DNA duplex influence its recognition and repair. In this study, the relationship of base pairing interactions and repair by human AGT (hAGT) was tested in the frequently mutated codon 12 of the KRAS gene with complementary sequences containing each canonical DNA base. The rate of O6-MeG repair decreased 2-fold when O6-MeG was paired with G, whereas all other canonical bases had no impact on the repair rate. We used a combination of biochemical studies, molecular modeling, and artificial nucleobases to elucidate the mechanism accounting for the 2-fold decrease. Our results suggest that the reduced rate of repair is due to O6-MeG adopting a syn conformation about the glycosidic bond precluding the formation of a repair-active complex. These data provide a novel chemical basis for how direct reversion repair may be impeded through modification of the base pair partner and support the use of artificial nucleobases as tools to probe the biochemistry of damage repair processes.